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© Improved adsorptlve purification process. 



© A vapor phase purification process using a fixed adsorbent bed containing a zeolitic molecular sieve 
comprising zeolite crystals having the faujasite crystal structure and containing cations having a higher charge 
density than sodium cations, whereby regeneration of the bed is accomplished using purge gas streams at 
temperatures of from 55 e C. to 100°C. The ability of the zeolite adsorbent to be regenerated at relatively very 
low temperatures permits the use of heat energy normally to low in intensity to be utilized and is thus usually 
waste energy. 
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IMPROVED ADSORPT1VE PURIFICATION PROCESS 



1. Field of the Invention 

The present invention relates in general to an improved process for drying and purifying gas streams 
5 by the selective adsorption and removal of impurities, preferably water and optionally one or more 
secondary impurities contained therein, such as carbon dioxide, sulfur dioxide, hydrogen sulfide and 
acetyienically unsaturated hydrocarbons, in a fixed bed of zeolitic molecular sieve adsorbent wherein the 
adsorbent bed is periodically regenerated by purge desorption using as the purge gas a non-sorbable gas 
stream at an entrance temperature of from 55 °C to 100°C. Of critical importance to the process is the use 
to of certain cationic forms of zeolite X which permit the use of low regeneration temperatures while increasing 
the efficiency of the adsorption purification or drying stage of the process cycle. Because it is necessary to 
raise the purge gas temperature only slightly above ambient, the energy required in this regard can readily 
be recovered from the heat of compression created in increasing the pressure of the feedstock gas stream 
to operating pressures. 

15 

2. Description of the Prior Art 

It is well known in the art to dry or otherwise purify gas streams by selectively adsorbing water or other 
20 impurities therefrom using zeolitic molecular sieve adsorbents in a fixed adsorbent bed. It is conventional 
practice in such processes to carry out the cycle of (a) passing the impurity containing feedstock gas 
stream through the fixed bed, which initially contains activated zeolitic adsorbent! for a period not exceeding 
the time at which the effluent from the bed contains more than the desired concentration of impurity: (b) 
diverting the flow of feedstock from the bed and. countercurrently to the direction of flow of the feedstock 
25 through the bed. passing a stream of a relatively non-sorbable purge gas through the bed to remove 
feedstock constituents from the bed void space and, at an elevated temperature, continuing to pass the said 
purge gas through the bed to raise the temperature of the adsorbent mass above the temperature at which 
step (a) was carried out. whereby the adsorbed impurity is desorbed to a level commensurate with the 
degree of bed reactivation desired, and (c) cooling the bed to the temperature required for step (a) and 
30 repeating the cycle. 

A process of this type is described in U.S.P. 3.808.773 issued May 7. 1974 to J. Reyhing et ai. In the 
specification the patentees point out that because of the very strong adsorptive affinity zeolitic molecular 
sieves have for the highly polar water molecules it is necessary to raise the temperature of this class of 
adsorbents during desorption (regeneration) higher than is required in the case of other adsorbents such as 

35 silica gel or activated carbon. Accordingly, it is further reported, the producers of zeolitic molecular sieves 
have historically recommended temperatures of 200°C - 3O0°C for purge-desorption regeneration of 
molecular sieves which have been employed for gas drying purposes, in order to remove a satisfactory 
amount of the adsorbed water. It is, moreover, generally perceived by those skilled in the art, that purge 
regeneration temperatures should not be below the boiling point of water at atmospheric pressure, i.e. 

40 100°C, if a commercially feasible operation is to be achieved. Temperatures of from 100°C to 200°C are 
employed in the drying process of Reyhing et al. for the purge desorption step, and with the precaution that 
the preceding adsorption-purification stroke be terminated upon the breakthrough of another and less 
readily sorbable impurity which must also be present in addition to the water impurity. 

It has now been discovered, however, that in processes for purifying gas streams in fixed beds of 

45 zeolitic molecular sieves, it is possible and economically feasible to carry out the periodic purge-desorption 
of the adsorbent bed using non-sorbable purge gas streams at temperatures of less than 100°C, even when 
the impurity comprises water vapor. Temperatures as low as 55 °C. have been found to be satisfactory Such 
is found to be the case whether or not there is a secondary and less sorbable impurity in the feedstock in 
addition to the water impurity. 

so Accordingly, it is the general object of the present invention to provide a process for the cyclic 
adsorptive purification, including drying, of gas streams in which the adsorbent has a higher capacity for the 
impurity adsorbates and also is capable of being regenerated at relatively low temperatures using reduced 
quantities of non-sorbable purge gas. Such a process can readily be carried out in existing conventional 
adsorption systems without further capital expenditure, and also without the need for increased quantities of 
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non sorbable gas. 

It is another object to provide such a process wherein the heat energy imparted to the purge ga 
derived from the heat of compression arising from compression of the purge gas stream or of another 
stream within the same process, or both. 



3. Summary of the Invention 

The above-stated objects as well as others which will be obvious from the specification appearing 
hereinafter are accomplished in the cyclic process for adsorptive purification which comprises the steps of: 

(a) passing, at a temperature of less than 100°C. . a feedstock gas stream comprising a major 
proportion of non-sorbable gas in admixture with an impurity component, preferably water or water in 
conjunction with one or more other and less readily adsorbable impurity constituents, through a fixed 
adsorption bed containing, in an activated state, a zeolitic molecular sieve adsorbent mass comprising 
zeolite crystals having the faujasite crystal structure, a framework Si,AI ratio of from 1.0 to 2.5, a cation 
equivalence of at least ninety^ percent (90%) with respect to divalent cation species having an ionic radius 
greater than that of the Cd* + cation, and preferably greater than that of the Ca** cation, whereby said 
impurity component is selectively adsorbed on said adsorbent mass and a gas stream having a lower 
impurity content is recovered from said adsorption bed; 

(b) terminating the passage of the feedstock into the absorption bed in step (a) prior to breakthrough 
of the impurity mass transfer front; and 

(c) regenerating said adsorption bed at a temperature within the range of 55 °C. to less than 100°C 
preferably at least 70 °C to less than 100°C and higher than that employed during step (a) by passing a 
purge gas. preferably a non-sorbable purge gas, stream substantially free of at least those impurities 
desired to be removed from the feedstock, through said bed in a direction opposite to the direction of flow 
in step (a) and for a period of time sufficient to desorb the desired amount of impurity from said adsorbent 
mass and flush same from the bed. 



4. Description of the Drawings 

In the drawings, the figure is a schematic representation of a process system in accordance with one 
embodiment of the present invention wherein the temperature of the non-sorbable purge gas used to 
regenerate the adsorption bed is raised to above 70°C. using heat of compression resulting from increasing 
the pressure of the gas stream at some point in the process system. 



5. Detailed Description of the Invention 

In the description of the various embodiments of the invention, the various terms are employed herein 
in the same sense as commonly understood by those of routine skill in the art. Thus, for example, the term 
"activated state" as applied to the zeolitic molecular sieve adsorbent means that condition wherein the 
adsorbent mass exhibits the capacity to adsorb water, or one of the secondary impurities, from a feedstock 
gas stream passed thereover under the imposed conditions, to the degree necessary to obtain a product 
gas stream of the desired purity The term " non-sorbable" as applied herein to gases, including feedstock 
and purge gases, means those molecular species which because of molecular size, volatility or low degree 
of polarity are not significantly adsorbed on the zeolitic molecular sieve employed as the adsorbent under 
the imposed process conditions. Such materials include oxygen, nitrogen, hydrogen, the inert gases, 
methane carbon monoxide, and the like regardless of the pore size of the zeolitic adsorbent, and can of 
course include any molecular species for which the maximum dimension of their minimum projected cross 
section is larger than the effective pore diameter of the zeolitic adsorbent. The term "purge gas", which 
includes both sorbable and non-sorbable purge gases, does not include gases which are more strongly 
adsorbed than water vapor, or, if other impurities are to be removed from the feedstock in addition to water, 
more strongly adsorbed than the least sorbable of those impurity constituents. With respect to purge gas 
streams employed herein, such gas streams are termed "substantially impurity-free" if they are capable of 
desorbing the particular impurity or impurities loaded on the adsorption bed during bed regeneration to the 
degree that the product gas stream obtained during the post-regeneration adsorption-purification cycle 
contains no more than the desired level of the said impurity or impurities. In the case in which water is an 
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impurity, the purge gas stream is, advantageously, bone dry. i.e.. contains less than about 10 ppm <v> water 

TL l mUCh h,9h6r C ° nCentrations of *** can be acceptable ,n pabular 

the maximum concentration permissible being readily determined using well-known technology b > SZ of 

TZ£ *1 ^ Same * the impunty content of the purge g2 s .earn when 

impunties other than or in addition to water are involved. 

cn JanaSoT!^" ° f j"*™* in * e ,eedstocks su,teb| y ^ated by the present process is not a 
tellrof caoahZ a , T fr ° m r f a,U f °? under ,he im P° sed adsorption-purification conditions down to 
fooHct i/ P ^ 1 6 2e0 " te adsorbem ,0 effe « a decrease in the impurity concentration of the 
feedstock upon passage through the adsorbent bed. 

- The principal components of the feedstocks include, but are not limited to air. oxygen hydrooen 
mtrogen helium, neon, argon and methane, and can contain as impurities in addition to or fnstead Twater 
such sorbable materials as carbon dioxide, hydrogen sulfide, ammonia, nitrogen oxides, sulphur dtox de and 
olefinically and acetylenically unsaturated hydrocarbons. 

The zeolitic molecular sieve adsorbent employed in the present process, is a zeolite havino a fau.asite 
type o crystal structure and having a framework SLA, ratio of 1.0 to 2.5 and having a cation equiva en"* 

o c e hLT^ PerCent ^ Prefer3bly 31 ,e3St ninety - ,,Ve P6rcent (95% > «P« to dS t ca«o„ 
K?Th C T f US 9reater tha " the i00iC r3diuS 0f the Cd cation - Su ^ cations include Ca " 
and Ba " ^ d,valent strontium cation and the divalent barium cation are preferred cation soecies' 

oTL LSrrT bei " 9 eS K PeCia " y SUitab ' e ,0f PUrP ° SeS ° f *• present inven «- The Prefe^zSte 

iszzs^zx: sT^r on is 2eome x - disc,osed and - — - 

a catn ^"IT?" equivalence means the molar «*> M 2 ,O.AI,0, wherein »M» represents 

LoS an "^ir „ ba anan9 ^ " et ne9atiVe ^ ° n 3 ,ramework A, °; ^rahedron of the 
iTUMS f ?" Ce ,he ° a,,0n ' the 1:386 ° f monova, ent "lions, the ratfo has a value of 1 0 
in an dea zeojte crystal, but in the case of polyvalent cations the value can exceed 1 0 due to the 
possrbility that the A.0 2 distribution in the crystal lattice is such that not all can share a cha/ge balancl 

While the temperature at which the adsorption-purification step is carried out should be lower than the 
temperature at which the purge regeneration is accomplished, i.e.. 100'C. the minimum tempeTature is not 
crrtic*. provded it is sufficiently high to maintain the feedstock in the vapor phaTe a? the ope ating 
pressures wh.ch can range from subatmospheric to 3.000 psig or higher Preferably ^ the aosorp on 

SSct^r 3t 3 " ^ " 10 ~* « ™'of 

a H J^rT' 0 " 51396 0< the CyCHC pr0CeSS is ,erminated "Pon the breakthrough of the least stronolv 
£S£ r ' mPUr,t,eS S ° U9ht 10 b8 rem ° Ved ,r ° m the ,eedstock - Thefeafter »• countercurrenS 

SET. TJ S Cam6d 0Ut ^ 3 PUf9e 935 ° f WW'** P urit V- Stable purge gases IndSSS^S 
limited to hydrogen, neon, helium, nitrogen and methane. 

In the broad application of the present invention it is not at all critical what is the source of the heat 

u-?r 9 5.C 0 |n T ide 3 r TT° n PUr9e 935 Stream 31 3 temper3ture * 55 °C- to 10o'c. preTerS 
the h'J°» An ? an K SPeC,a " y advantaoeous ^bodiment of the invention, however, it has been found tha" 
^uriSL 9 ! bV C ° mPfeSSi " 9 3 935 Str63m in SOme P hase of tne 0va ' a » Process involving the 

»^!^£.2T Tk* , heat ^ PUr " 93S S,re3m t0 the necessa ' y temperatu e of 
or^TJ i ; 100'C Commonly the feedstock to be dried or otherwise purified and optionally further 

condense I nT^Z™ PreSSUre " P t0 Sever3 ' ^P^es followed by cooling m order to 

condense out a portion of the starting water content, and/or to increase the vapor pressure of other impurity 

feedstocks ,n the compressor after-cooler has heretofore been substantially wasted since it is normally too 
crmore: n rn S,ty t0 TH ** PUrP ° S9S °' "» P^ a "t "process. howeJer STSSl of 

acImTii c T, 9 3 * ° V rel3tive,y m ° deSt increases in the P"9e 9as temperature can be 
S? Tr 6leV3,i0n ' S ffeqUen,ly SUffiCient '° r ,he P f0cess * tne P«« invention 
S Jes of he 1^ hea, p ener 9V resulting from the compression of gases can be present ,n otoer 
Phases of the overall process. For example, if refrigeration apparatus is employed, the heat produced bv 

Zm e sTto b? D e I2 erant ;: 3 P0SS ' ble S0UfCe ° f he3t <0r ,he Purge gas - Also » «• ofteXuc^as 
streams is to be pressured for storage or pipeline transmission, this heat of compression can be similarly 
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The pressure of the purge gas stream passing through the adsorption bed during the purge desorption 
step is within the range of i to 100 psia. 

In order to illustrate the broad aspect as well as a specific embodiment of this invention, the following 
description with references to the figure of the drawing is provided in which the objective is the purification. 

5 by the removal of water and carbon dioxide, of an air stream which is to be further subjected to a cryogenic 
separation. With reference to the drawing, feedstock ambient air containing 370 ppm (v) of carbon dioxide 
and saturated with water vapor enters the system through line 10 at a temperature of about 37°C. and zero 
psig. and is compressed to a pressure of 100 psig in compressor 12. As a result of this pressurization. the 
temperature of the feedstock is raised to 93 °C. From the compressor 12 the gas stream passes through 

?o line 14 and enters heat exchanger 16 at a temperature of about 88*C. In the course of passage through 
heat exchanger 16, the temperature is decreased to about 38° C. and is discharged through line 18 to chiller 
20 containing refrigerant compressor 22. Condensed water is removed prior to the passage of the gas 
stream from chiller 20 and the effluent therefrom is at a pressure of 90 psig and a temperature of about 
5°C. The effluent is saturated with water vapor and contains essentially ail of the original carbon dioxide 

75 content, and is passed through line 24, valve 26. and line 28 to adsorbent bed 30 containing as the 
adsorbent, trilobal-shaped pellets of a 90 equivalent per cent strontium exchanged zeolite X. Flow through 
bed 30 is continued until the carbon dioxide mass transfer front, formed by the adsorption of carbon dioxide 
from the gas stream, approaches the egress end of bed 30, but prior to breakthrough of that front. The 
water impurity being much more strongly adsorbed than the carbon dioxide, the water mass transfer front 

20 will be between the ingress end of the bed and the carbon dioxide mass transfer front. The dry and carbon 
dioxide free effluent air stream from bed 30 passes through line 32, valve 34 and line 36 to cold box 38 
wherein liquefaction and distillation occur as the means of separating the nitrogen and oxygen from 
admixture and producing essentially pure components. The pure oxygen is passed out of the separation 
unit 38 through line 40 and is compressed in compressor 42 for removal from the system and storage. 

25 Conventionally at least a portion of the pure nitrogen product is vented to the atmosphere for commercial 
reasons, and is thus a waste gas stream. The marketable nitrogen is passed out of the system through line 
44 and compressor 46. In the present process, a stream of the waste nitrogen is fed from cold box 38 at a 
temperature of about 5°C. and a pressure of 10 psig through line 48 to heat-exchanger 16 wherein it is 
heated by the incoming feedstock to a temperature of about 79°C. and is thereafter passed through line 50. 

30 valve 52 and line 54 to the bottom of adsorbent bed 56 Bed 56 contains the same adsorbent as in bed 30 
and on the previous cycle has been used to dry the feedstock passing through line 24. Accordingly the bed 
contains a loading of adsorbed water and carbon dioxide and requires regeneration before again being 
utilized for adsorption-purification. The dry nitrogen stream, even though it is only at a temperature of about 
79°C. is found to be suitably employed as the purge gas to desorb the water from bed 56. Desorbed water 

35 and carbon dioxide is passed out of the system through line 58. 

It is to be noted that in the system described immediately above, the direction of the flow of the 
feedstock through the bed during the adsorption purification step is upward and that in the purge desorption 
step, the flow of the purge gas stream is downward through the bed. This is believed to be the best mode 
for carrying out the processes of the present invention involving the removal of water as an impurity, since it 

40 can enhance removal of condensed liquid water due to gravity during purge desorption. 

Although not utilized in the process embodiment set forth above, compressors 22. 42 and 46 all 
produce heat which can be used to heat a purge gas stream to the relatively low levels required. The purge 
gas need not be nitrogen or even be derived from the process system which is in operation. The invention 
is further illustrated and the advance in the art provided by the present process clearly demonstrated by the 

45 following comparative example in which a polyvalent metal exchanged form of zeolite X is compared to a 
conventional sodium cation form of zeolite X in the process for removing water vapor and carbon dioxide 
from an air stream. In the procedure, two fixed adsorption beds were employed. Unit #1 containing about 
7545 lbs. of a barium exchanged zeolite X containing a cation equivalence of barium cations of greater than 
ninety-five percent (95%) and having a framework Si/AI ratio of 1.25. Unit #2 contained essentially the same 

so volume of sodium zeolite X having the same framework Si/AI ratio. In each of the units, air containing 145 
ppm water vapor and 350 ppm carbon dioxide was passed upward through the bed at the rate of about 
615.000 ft 3 'hr at 98 psia and at a temperature of 5°C. The adsorption-purification step was terminated in 
each case just prior to breakthrough of 0.5 ppm carbon dioxide. Thereafter the bed was regenerated 
countercurrently using a dry nitrogen purge gas. and then returned to the adsorption mode wherein the 

55 same feedstock composition was purified until the same degree of carbon dioxide breakthrough occurred. 
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The regeneration time for Unit #1 was equal to the adsorption time for Unit #2 and vice versa during the 
cycles at each of the temperature conditions specified. In all. six different process cycles were carried out - 
- three in each unit, wherein different regeneration temperatures and purge gas flow rates were employed. 
Each cycle in one unit was duplicated in the other unit The results are shown in tabular form below: 



TABLE I 

Regeneration Purge Gas Breakthrough Times, hrs 

Temp., °C. Flow Rate,ft3/hr Unit jl (BaX) Unit 32(NaX) 

288 60,000 14.75 8.42 

163 75,000 13.78 7.63 

82 88,000 10.90 6.70 

The results reported above clearly establish the following facts: 

(a) Both adsorbents can be regenerated with low level energy. 

(b) The lower the regeneration temperature the shorter the adsorption purification step due to the 
presence of higher levels of residual impurities on the regenerated bed. 

(c) The breakthrough time for the adsorbent containing the polyvalent cations in accordance with the 
present invention, when regenerated at only 82 C C. is still significantly longer than the breakthrough time for 
the conventional zeolite 13X after regeneration at 288°C. Among other things, this means that a lesser 
quantity of the polyvalent metal zeolite X adsorbent is required for the same amount of C0 2 purification than 
m the case of conventional 13X. in the particular instance demonstrated above, this results in purge gas 
savings of the order of 40 percent. 

It will be apparent to those of ordinary skill in the art that various modifications can be made of the 
present invention without departing from the proper scope thereof. 



Claims 

1 . Process for adsorptive purification of vapor phase feedstocks which comprises the steps of: 

(a) passing, at a temperature of less than 100°C, a feedstock gas stream comprising a major 
proportion of non-sorbable gas in admixture with an impurity component through a fixed adsorption bed 
containing, in an activated state, a zeolitic molecular sieve adsorbent mass comprising zeolite crystals 
having the faujasite crystal structure, a framework Si/AI ratio of from 1.0 to 2.5. a cation equivalence of at 
least^ ninety percent with respect to divalent cation species having an ionic radius greater than the 
Cd* "cation, whereby said impurity component is selectively adsorbed on said adsorbent mass and a gas 
stream having a lower impurity content is recovered from said adsorption bed; 

(b) terminated the passage of the feedstock into the adsorption bed in step (a) prior to breakthrough 
of the impurity mass transfer front; and 

(c) regenerating said adsorption bed at a temperature within the range of 55 C. to less than 100°C., 
preferably at least 70°C to less than 100°C and higher than that employed during step (a) by passing a 
purge gas, preferably a non-sorbable purge gas. stream substantially free of at least those impurities 
desired to be removed from the feedstock, through said bed in a direction opposite to the direction of flow 
in step (a) and for a period of time sufficient to desorb the desired amount of impurity from said adsorbent 
mass and flush same from the bed. 

2. Process according to claim 1 wherein the divalent cation species has an ionic radius greater than the 
ionic radius of Ca ++ . 

3. Process according to claim 2 wherein the divalent cation is strontium. 

4. Process according to claim 2 wherein the divalent cation is barium. 

5. Process according to claim 1 wherein the temperature of the purge gas is 70°C to 100°C. 

6. Process according to claim 5 wherein the purge gas is a non-sorbable purge gas. 

7. Process according to claim 1 wherein the impurity component comprises water vapor. 

8. Process according to claim 7 wherein the impurity component comprises water vapor and carbon 
dioxide. 

9. Process according to claim 7 wherein the direction of flow of the purge gas in step (c) is downward 
through the adsorbent bed. 
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inna i ;- Pr0Cess according to claim 7 wherein the purge gas is brought to the temperature of 55-C to 
100 C. by using the heat of compression of another gas phase w.thin the same process system 

11. Process according to claim 10 wherein the feedstock is air containing from greater than 0 1 ppm <v) 
tc the saturation level of water vapor and the purge gas stream is nitrogen separated from said feedstock 

12. Process according to claim 11 wherein the nitrogen purge gas is heated to 55°C. to 100'C bv heat' 
exchange with the air feedstock, the initial temperature of said air feedstock being greater than 'the final 
temperature of the purge gas by virtue of being compressed. 
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